Gas-phase protonolysis of 1-(4-tert-butylphenyl)-3-phenylpropanes bearing a methyl substituent at one of the arene rings gives rise to competing losses of isobutane and isobutene via intermediate, purely hydrocarbon, ion/molecule complexes [Me 3 C
Introduction
The investigation of ion/neutral complexes during unimolecular decompositions of gaseous organic ions has attracted much attention because of analytical implications and the possibility to gain insight into the "intrinsic" chemistry of (fragment) ions solvated exclusively by the corresponding (fragment) radicals or molecules. [1] [2] [3] [4] [5] Whereas, in most cases, the intermediacy of ion/neutral complexes is suggested for the fragmentation of polar species, we recently reported on evidence that ion/neutral complexes [Me 3 C + Ph-(CH 2 ) n -Ph)] (n = 1-10), consisting of relatively large and non-polar, purely hydrocarbon components, are formed during the elimination of isobutane from protonated t-butyl substituted α,ω-diphenylalkanes, e.g. ions [1 + H] + (n = 3, Scheme 1). 6, 7 In these complexes the t-butyl cation acts as a Lewis acid upon a symmetrical α,ω-diphenylalkane by random hydride abstraction from both of the benzylic methylene groups and irrespective of the length of the polymethylene chain.
To elucidate the effect of electronic activation of the formerly remote benzylic hydride donor by ring substituents, we synthesised the three isomeric 1-(p-t-butylphenyl)-3-(methylphenyl)propanes and some related hydrocarbons as well as several deuterium labelled analogues and studied the gas-phase protonolysis of the cor- 
responding metastable [M + H]
+ ions by CI(CH 4 )/MIKE spectrometry.
Results and discussion

Hydride abstraction
Similar to the parent ions [ (Table  1) . Obviously, the hydride abstraction within the complex occurs predominantly at the benzylic methylene group of the substituted-and originally remote-arene ring. Assuming the same kinetic isotope effect (k H /k D = 1.6) which was found to operate for the parent ions [ Comparison of these data with those obtained from the deuterium-labelled analogues of the corresponding metaand ortho-methyl substituted isomers 3 and 4 (Table 1) demonstrates that the preference of the hydride abstraction from the remote donor position decreases in the order para > meta > ortho. This correlates, only in part, with the relative thermodynamic stability expected for the corresponding methylbenzyl cations. 9 Obviously, activation towards hydride abstraction from the remote benzylic C-H bonds is decreased in the case of the meta-methyl isomer for electronic reasons and in that of the orthomethyl isomer mainly because of steric hindrance.
Ortho-substitution is particularly informative and has required extended investigation. Besides compound 4 and its [1,1-D 2 ] and [3,3-D 2 ] isotopomers (4a and 4b, respectively), the isomer 5 bearing the tert-butyl and the orthomethyl substituent at the same ring and the corresponding dideuterated analogues (5a and 5b) were studied (Table  1) , as well as the [D 3 ]methyl isotopomer 4c. Furthermore, the ortho,ortho-dimethyl congener 6 and the respective dideuterated analogues (6a and 6b) were subjected to MIKE spectrometry.
As a first result, the spectra of ions [4 + H] + and [5 + H] + were found to be identical (cf. Figure 3) . Second, the ratios of C 4 within the set of the [D 2 ]-labelled monomethyl-substituted ions (4a, 4b, 5a and 5b) were also indistinguishable, as were those of the two [D 2 ]-labelled dimethyl-substituted ones (6a and 6b). As an illustration, the partial MIKE spectra of ions [4a + H] + and [4b + H] + are reproduced in Figure 2 . Taken together with the results obtained for the labelled para-and meta-substituted isomers, this demonstrates that the site from which the t-butyl group is released from the [M + H] + ions of 2-6 does not affect the fragmentation of the intermediate complex. On the contrary, only the structure of the neutral component, be it a symmetrically or unsymmetrically substituted diphenylalkane, determines the intrinsic reactivity in the ion/molecule complex. This holds also for the competing loss of isobutene (vide infra).
As a third, and somewhat puzzling point, we found that the ratios of C 4 + ions bearing more than one methyl substituent at the same arene ring, 10 we synthesized the ortho-CD 3 -substituted precursor 4c to unravel if the ortho-methyl group acts as an additional hydride donor in ions [4 + H] + . In fact, we found that the MIKE spectrum of ions [4c + H] + shows a very small but significant peak at m/z 211, indicating a C 4 H 9 D loss of c. + is attenuated by the same kinetic isotope effect (k H /k D = 1.6), which has been found for tert-butylalkylbenzenenium ions in general, 6, 8, 10 we estimate that a c. 5% contribution of the overall hydride transfer originates from the ortho-methyl group (Scheme 2). Further, the benzylic methylene groups react at equal rates (i.e. nonselectively) in ions [4 + H] + and they both display again the kinetic isotope effect of k H /k D = 1.6. This latter result may be considered rather normal for the unshielded methylene group (C 1 H 2 ) with regard to the data obtained for the other isomers; however, it appears to be accidental for the shielded one (C 3 H 2 ). Also, the remarkable equivalence of the benzylic methylene groups as hydride donors in ions [4 + H] + appears to be the result of a compensation of the electronic and steric effects, as stated above.
Having recognised that the ortho-methyl group contributes to the overall elimination of isobutane from ions [ uted to the presence of two additional hydride donors, rather than to an increased kinetic isotope effect.
To summarise, at this point, we may state that the regioselectivity of hydride abstraction in the [M + H] + ions of 2-6 suggest that the t-C 4 H 9 + cation bound within the ion/molecule complex can move relatively freely along the substituted 1,3-diphenylpropane neutral and undergo highly regioselective hydride abstraction. Regioselectivity is not only governed by the electronic stabilization of the resulting benzylic cations, but also by steric hindrance, as shown from the behaviour of the ortho-methyl-substituted ions. The finding that the orthomethyl group acts as a hydride donor itself, whereas the para-methyl group does not, is quite intriguing. Further efforts are required to elucidate the origin of this phenomenon. 10 
Proton transfer
As stated in the beginning, the para-methyl-substituted ions [2 + H] + undergo exclusively elimination of isobutane. Introduction of methyl substituents at positions other than para opens another fragmentation channel of the [M + H] + ions. Owing to the increased proton affinity of the diphenylpropane neutral in the ion/molecule complex, the Me 3 C + cation may not only abstract a hydride from the neutral but also transfer, in the opposite direction, a proton to the neutral, giving rise to the loss of isobutene. This process is clearly predominant (Figure 3 
Conclusion
The results clearly demonstrate that the unimolecular fragmentation of protonated 1-(4-t-butylphenyl)-3- (methylphenyl)propanes takes place via ion/molecule complexes [Me 3 C + Aryl-CH 2 CH 2 CH 2 -Aryl′], in which the tert-butyl cation is allowed to react both as a Brønsted and a Lewis acid, exhibiting, as the latter, a marked regioselectivity (Scheme 3). Both the hydride abstraction and proton transfer channels are independent of the origin of the tert-butyl group, and reflect the presence of an ion/neutral complex in which the Me 3 C + cation is apparently free to move along and interact with the whole of the 1,3-diarylalkane molecule.
Experimental
Mass spectrometry
A Fisons VG Autospec double-focussing mass spectrometer with an E/B/E sequence of sector fields was used under CI conditions (reagent gas CH 4 , electron energy 70 eV, emission current 200 µA, acceleration voltage 8 kV, ion-source temperature 200°C, nominal ion-source pressure c. 10 -4 mbar). Samples were introduced by using the solids probe with slight external heating. Massanalysed ion kinetic energy (MIKE) spectra were recorded by scanning the second electrostatic analyser to show the fragmentation of the metastable [M + H] + ions in the (third) field-free region following the magnetic sector (general error limits ± 2%).
Syntheses (general)
NMR spectra (300 MHz): Bruker AM 300; solvent CDCl 3 /TMS; δ (ppm). Analytical mass spectra: VG Autospec; EI (70 eV); IR spectra: Perkin-Elmer 841; solids were measured in KBr pellets, liquids as films. Melting points (uncorrected): Electrothermal melting point apparatus (open capillaries). Combustion analysis: Leco CHNS-932. High resolution mass spectrometry (HRMS): VG Autospec (peak matching at m/∆m ≈ 8000).
All unlabelled and labelled 1-(4-t-butylphenyl)-3-phenylpropanes were synthesised via the respective, previously unknown, chalcones 7-16 and dihydrochalcones 17-26 shown in Table 2 . Unlabelled hydrocarbons 2-6 were obtained from the corresponding dihydrochalcones by catalytic hydrogenolysis at medium pressure and isotopomers 2c and 4c were prepared in the same way from the labelled chalcones (8a and 12a) ; all other labelled hydrocarbons were obtained by chloroalane reduction using LiAlH 4 /AlCl 3 in diethyl ether. Typical procedures are given in the following.
Chalcones
An aqueous solution of KOH (20 mL, 20%) was added dropwise to a stirred solution of the corresponding acetophenone and benzaldehyde (20 mmol each) in methanol (20 mL). Stirring was continued for 12 h, the precipitate was collected by suction and washed with small volumes of ice-cold methanol and then with water. Recrystallization from ethanol gave the pure chalcone derivatives. If the product formed an oil instead of a solid precipitate, the reaction mixture was neutralised with acetic acid and then extracted with diethyl ether and isolated. Chalcones which remained oily were purified by kugelrohr distillation.
Dihydrochalcones
The corresponding dihydrochalcones 17-26 were prepared from the chalcones 7-16 by hydrogenation at normal pressure in ethyl acetate solution, typically on a 10.0 mmol scale, using platinum (from c. 30 mg of PtO 2 hydrate) as the catalyst. Equimolar amounts of hydrogen were absorbed in c. 4 h. Usual workup gave solid products which were recrystallised from ethanol, or liquids which were purified by kugelrohr distillation.
1-(4-t-Butylphenyl)-3-phenylpropanes by catalytic hydrogenolysis
A solution of the corresponding dihydrochalcone or chalcone (1.00 mmol) in glacial acetic acid (5 mL) was shaken with palladium-on-charcoal (10%, 40 mg) under hydrogen (5 bar, 25°C) in a Parr apparatus for 4 h. The catalyst was removed by filtration, the same volume of water was added, and the mixture was extracted thrice with 10 mL portions of n-hexane. Drying with sodium sulphate and evaporation of the solvent furnished oily residues which were purified by kugelrohr distillation to give the pure hydrocarbons in good yields (50-80%). A suspension of lithium aluminium deuteride (1.0 mmol) in dry diethyl ether (5 mL) was cooled to 0°C and a solution of aluminium chloride (3.0 mmol) in diethyl ether (5 mL) was added quickly. Cooling was continued while a solution of the substituted dihydrochalcone (1.0 mmol) in diethyl ether (5 mL) was added slowly. The mixture was heated to reflux temperature and monitored by TLC (silica gel, CH 2 Cl 2 , c. 2 h) until the conversion was completed. The mixture was allowed to cool, hydrolysed with ice/water, and the precipitate formed was dissolved by adding some hydrochloric acid (33%). Usual workup by extraction with diethyl ether gave the crude product which was purified by kugelrohr distillation. The hydrocarbons were obtained in good yields (60-80%); in several cases, however, minor amounts of the corresponding 1,3-diphenylpropene (formed by 1,2-elimination) were present as impurities. In a few cases, the corresponding 1-chloro-1,3-diphenylpropane was also formed in extremely low amounts.
(175°C/0.004 mbar) and recrystallisation in 73% yield as
-(4-t-Butylphenyl) -3 -(2-methylphenyl) -[3,3-D 2 ]
